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(57) ABSTRACT 

Methods for easy, atraumatic access to areas of the Vascula 
ture that are otherwise dif?cult to access, using steerable 
guide catheters constructed With components that are selected 
to provide optimal navigability, torque transfer, and push 
ability for a Variety of typical percutaneous access routes. The 
catheter Wall thickness in the de?ecting segment of the guide 
catheter is about 1 French (1/3 mm) or less, and includes a 
slotted de?ection tube, and this construction alloWs a Very 
tight turning radius Which in turn enables guide catheter 
access to regions of the Vasculature that are otherwise inac 
cessible. 
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Fig. 7a 
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Fig. 8 
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STEERABLE GUIDE CATHETERS AND 
METHODS FOR THEIR USE 

[0001] This application is a continuation of Us. applica 
tion Ser. No. 11/016,448 ?led Dec. 17, 2004 noW U.S. Pat. 
No. 7,402,151. 

FIELD OF THE INVENTIONS 

[0002] The inventions described below relate the ?eld of 
steerable guide catheters and sheaths. 

BACKGROUND OF THE INVENTIONS 

[0003] Guide catheters are used to gain access to the desired 
target location Within the vasculature of a patient and provide 
a safe, smooth conduit to guide and support another device, 
such as an interventional catheter, to the target location. A 
guide catheter is typically inserted into the body through an 
introducer sheath and over a guideWire. GuideWires are long 
coiled Wire structures that can be navigated through the vas 
culature and then used to lead another device through the 
vasculature. The guided device is typically the delivery 
device that carries an implant for deposit in the vasculature, 
an active device that carries out the diagnosis, therapy or 
intervention. Guide catheters can also be used to pass ?uids 
for visualiZation, diagnosis or treatment. 
[0004] A sheath is a type of guide catheter that also seals the 
entry point in the vascular space. The sealing is usually 
accomplished With a valve on the back of the sheath that either 
passively opens and closes When devices are inserted into it, 
or is opened and closed manually by the doctor When a device 
is inserted into it. The sheath protects the vessel from damage 
that might be caused by the guide or device that is passed 
Within the sheath. Sheaths are typically thinner-Walled and 
more ?exible than guide catheters. They are typically 
straight-ended and may be inserted into the vessel over a 
guideWire or an introducer/obturator. An obturator/introducer 
is typically a long plastic tube With a distal tapered end that is 
longer than the device into Which it ?ts and contains a central 
lumen to track over a guideWire. The obturator is usually 
?exible enough to alloW the insertion of the device over it into 
a vessel or through a hemostatic valve and rigid enough to 
straighten out any pre-shaped guide that is over it. 
[0005] Over the years, many guide catheters have been 
developed for treating speci?c diseases, delivering speci?c 
devices, or for accessing speci?c locations Within the body. 
These guides are typically PTFE lined devices With Walls 
made from a composite of thermoplastics and metal Wire 
braid and coil reinforcements. They are thin-Walled and ?ex 
ible, but can transmit some torque from the proximal end to 
the distal end to alloW the doctor to steer the distal end to the 
location of interest. Most guide catheters have a speci?c 
pre-for'med shape that alloWs them to perform their narroW 
function and only their narroW function. They have been 
developed and customiZed over the years to reach one speci?c 
anatomic location only. The variety of achievable shapes is 
also limited because the guide must be inserted into the body 
in the straight con?guration, so that the guide canbe advanced 
to the location of interest Without dragging or scraping along 
the vessel Walls. Once at the desired location, the guide typi 
cally retakes its shaped con?guration When the obturator or 
guideWire is removed from it. This ?exibility detracts from 
the guide’s ability to support interventional devices that are 
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inserted through it. Also, the curvature of a pre-shaped guide 
must be limited, or it Will not straighten out When the obtu 
rator is inside of it. These limitations of ?xed shape guides 
point to a need for improved devices to enable atraumatic 
access to the target locations of interest. 

[0006] A typical use of these devices is in interventional 
cardiology to treat a plaque build up or blockage in a patient’s 
coronary artery. These blockages can lead to heart attacks and 
death. Typically, a patient presenting With symptoms is inves 
tigated With EKG tracings, a stress test or angiography (imag 
ing With moving x-ray pictures and radiopaque ?uids). In 
order to complete an angioplasty, the doctor Would locate a 
femoral artery under the skin in the groin and install a sheath 
into an arterial opening, such as an 8 French sheath. The distal 
end of the sheath stays inserted into the artery and the proxi 
mal end, Which has a hemostatic valve on it, remains outside 
the body. The surgeon Would then insert a guide catheter that 
has a guideWire inside it through the sheath and into the 
femoral artery. Visualizing the devices on ?uoroscopy, the 
surgeon manipulates the tip of the guide and guideWire ret 
rograde up the aorta until he can engage the ostium of the 
coronary artery that has the suspected blockage in it. The 
surgeon then advances the guideWire into the artery toWard 
the lesion of interest. After identifying the lesion location 
With angiography, the surgeon introduces an angioplasty bal 
loon catheter into the guide (may or may not be over the 
guideWire inside the guide) and advances the angioplasty 
balloon to the lesion site. When correctly located, the surgeon 
in?ates the balloon on the end of the angioplasty catheter to 
push the plaque back against the artery Walls, thereby allevi 
ating the blockage in the vessel. Once the procedure is com 
pleted, he removes the angioplasty catheter, guide, guideWire 
and sheath and disposes of them. The procedure for implant 
ing a stent in the body is very similar to the previously 
described angioplasty procedure. After in?ating a balloon to 
push the plaque against the Wall of the vessel, the doctor 
in?ates or expands a stent, Which is left permanently behind 
in the vessel. 

[0007] lnterventional cardiologists noW have procedures 
and different speci?cally shaped guides for the left and right 
coronary arteries, renal arteries, carotid arteries, internal 
mammary arteries, abdominal aorta, hepatic arteries and 
veins, pulmonary arteries, and veins, the atria and ventricles 
of the heart, mesenteric arteries, femoral arteries, neurologi 
cal locations, and the coronary sinus of the heart. In many of 
the procedures, the ?xed shape of the guide is not quite right 
for the patient anatomy and the surgeon must Wrestle to get 
the guide into position, or discard the guide and try another 
shape. This consumes signi?cant time in the catheteriZation 
lab Which has costs today that run roughly $20 per minute. 
Although ?xed guide catheters are relatively cheap medical 
devices today, the inability to access a target site in the body 
quickly due to anatomical variation or the propagation of 
disease can quickly cost hundreds of dollars. Extensive time 
in a ?uoroscopy suite also exposes the physician and the 
patient unnecessarily high doses of radiation. 
[0008] There are a small number of neW guide catheters 
Whose shape can be changed by the operator during surgery. 
These are called de?ectable guide catheters. Their shape 
changing ability alloWs them to be adjusted by the surgeon 
during a procedure to ?t the anatomy of the patient, Which 
normally varies due to disease, body type, genetics and other 
factors. 
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[0009] For example, Badger, Guiding Catheter With C0n 
trollable Distal Zip, US. Pat. No. 4,898,577 (Feb. 6, 1990) 
and Badger, Guiding Catheter With Controllable Distal lip, 
US. Patent, US. Pat. No. 5,030,204 (Jul. 9, 1991) describe a 
steerable guide catheter With and outside diameter of 0.118" 
and an inside diameter of 0.078". A number of US, European 
and Japanese patents issued to Lundquist including US. Pat. 
Nos. 5,685,868, 5,228,441, 5,243,167, 5,322,064, 5,329,923, 
5,334,145, 5,454,787, 5,477,856, 5,685,868, EP521595B1, 
JP 7255855A2, describe the use of slotted metal tubes such as 
nitinol torque tube elements in steerable catheters. Rosen 
man, Drug Delivery Catheters That Attach T0 Tissue And 
Methods For Their Use, US. Pat. No. 6,511,471 (Jan. 28, 
2003) (the entirety of Which is hereby incorporated by refer 
ence) describes a steerable guide catheter for delivering a 
medical device Within the ventricle of the heart using the 
slotted Nitinol torque tube technology of Lundquist With a 
relatively large catheter lumen as it Was used to pass other 
medical devices. 
[0010] Qin, De?ectable Guiding Catheter, US. Pat. No. 
6,251,092 (Jun. 26, 2001) describes a de?ectable guide cath 
eter Whose de?ection point is proximal from the distal tip. 
This patent does not enable a tight radius bending de?ectable 
guide catheter that can track over a guideWire to locations of 
interest in the vascular tree in patients. 
[0011] FarmholtZ, Torgueable And De?ectable Medical 
Device Shaft, US. Pat. No. 6,716,207 (Apr. 6, 2004) 
describes a steerable catheter With slits in a tube component in 
the shaft. HoWever, the bending point of this catheter is proxi 
mal of the end of the catheter, Which results in a large sWeep 
distance during bending, Which is not desirable. Also, this 
catheter has a stiffer braided portion distal to the bending 
section, Which decreases the trackability of the catheter. Also, 
this patent does not enable the construction of the shaft With 
a large central lumen or detail the cross sectional construc 
tion. 
[0012] The ideal guide catheter is one that can adjust for 
varying patient anatomies While maintaining a thin Wall and 
providing enough support for the devices passed through it to 
their target locations in the body. It should be smooth and 
lubricious on the inside and the outside surface. It should be 
stiff enough in torque to alloW the doctor to direct the distal tip 
by manipulating the handle outside of the body. Minimizing 
the outside diameter of a guide catheter is important to mini 
miZe the siZe of the opening made in the patient’s vessel to 
gain vascular access, and also to enable the distal portion of 
the device to be advanced through smaller vessels. Smaller 
openings are easier to close after the procedure and have less 
post-procedure healing complications. It is also important to 
have a large internal diameter in a device to alloW easy pas 
sage of other interventional devices. The ideal guide catheter 
should be compatible With commonly used interventional 
guideWires, angioplasty balloon catheters, stent catheters and 
hemostatic introducer sheaths. The ideal catheter should also 
be visible on ?uoroscopy and usable in an MRI suite. 

SUMMARY 

[0013] The devices and methods described beloW provide 
for easy, atraumatic access to areas of the vasculature that are 
otherWise dif?cult to access. The steerable guide catheters 
described beloW are constructed With components that are 
selected to provide optimal navigability, torque transfer, and 
push ability for a variety of typical percutaneous access 
routes. The steerable guide catheters enable percutaneous 
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routes such as femoral artery approaches to the renal arteries, 
contralateral femoral artery, carotid arteries, and venous 
approaches to the fossa ovalis, the coronary sinus, etc. The 
catheter Wall thickness in the de?ecting segment of the guide 
catheter is about 1 French (1/3 mm) or less, and includes a 
slotted de?ection tube, and this construction alloWs a very 
tight turning ratio Which in turn enables guide catheter access 
to regions of the vasculature that are otherWise inaccessible. 
Furthermore, addition of the de?ection capability distal to a 
preformed catheter shaft bend or proximal to a preformed 
catheter shaft may help optimiZe catheter shape and steerabil 
ity for many interventional applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 illustrates the de?ectable guide catheter With 
the tip in its straight con?guration. 
[0015] FIG. 2 illustrates the de?ectable guide catheter With 
the tip in its bent con?guration. 
[0016] FIG. 3 is a cutaWay vieW of the distal end of the 
de?ectable guide in FIG. 1. 
[0017] FIG. 4 is a plan vieW ofa nitinol de?ection tube of 
the de?ectable guide catheter 
[0018] FIG. 5 is a cross section of the distal end of the 
tubing of the de?ectable guide catheter shoWn in FIG. 1. 
[0019] FIG. 6 is a cross section of the proximal portion of 
the tubing of the de?ectable guide catheter shoWn in FIG. 1. 
[0020] FIG. 7 is a schematic of a de?ectable guide catheter 
in the body vasculature accessing a carotid artery from a 
femoral access site. 

[0021] FIG. 7a illustrates the de?ectable guide catheter 
adapted for accessing a carotid artery from a femoral access 
site. 
[0022] FIG. 8 is a schematic of a de?ectable guide catheter 
in the body vasculature accessing a renal artery from a femo 
ral access site. 

[0023] FIG. 8a illustrates the de?ectable guide catheter 
adapted for accessing a renal artery from a femoral access 
site. 
[0024] FIG. 9 is a schematic of a de?ectable guide catheter 
in the body vasculature going from one side of the femoral 
aortic bifurcation to the other, around the horn. 
[0025] FIG. 9a illustrates the de?ectable guide catheter 
adapted for crossing the femoral aortic bifurcation. 
[0026] FIGS. 9b, 9c and 9d illustrate variations of the 
de?ectable guide catheter adapted for crossing the femoral 
aortic bifurcation. 
[0027] FIG. 10 is a schematic of a de?ectable guide catheter 
in the body vasculature accessing the left internal mammary 
artery from a femoral access site. 

[0028] FIG. 10a illustrates the de?ectable guide catheter 
adapted for accessing the left internal mammary artery from 
a femoral access site. 

[0029] FIG. 11 is a schematic of a de?ectable guide catheter 
in the body vasculature accessing the coronary sinus in the 
right atrium from a venous access site in the neck of the body. 
[0030] FIG. 11a illustrates the de?ectable guide catheter 
adapted for accessing the coronary sinus in the right atrium 
from a venous access site in the neck of the body. 

[0031] FIG. 12 is a schematic of a de?ectable guide sub 
selecting a coronary vein from Within another de?ectable 
guide that is accessing the coronary sinus from a venous 
access site in the neck of a body. 
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[0032] FIG. 12a illustrates the de?ectable guide catheter 
adapted for accessing a coronary vein from a venous access 
site in the neck of the body. 
[0033] FIG. 13 is a schematic of a de?ectable guide catheter 
in the body vasculature accessing the left coronary artery 
ostium in the aorta from a femoral arterial access site. 
[0034] FIG. 13a illustrates the de?ectable guide catheter 
adapted for accessing the left coronary artery ostium in the 
aorta from a femoral arterial access site. 

DETAILED DESCRIPTION OF THE 
INVENTIONS 

[0035] FIG. 1 illustrates the de?ectable guide catheter With 
the tip in its straight con?guration. The guide catheter 1 
comprises a steerable guide catheter tube 2 With a catheter 
handle 3 mounted on the proximal end 4 of the guide catheter 
tube. The distal end of the guide catheter tube includes a 
de?ectable segment 5 Which is operated by a pullWire via 
manipulation of a steering lever 6 on the proximal handle. As 
illustrated in FIG. 2, the de?ectable segment is bent in an arc 
as the steering lever turned by the operator. 
[0036] FIG. 3 is a cutaWay vieW of the distal end of the 
de?ectable guide in FIG. 1. As shoWn in FIG. 3, the de?ect 
able segment of the guide catheter tube 2 is comprised of an 
outer catheter shaft 7 and a catheter inner tube 8, With a 
de?ection tube 9 sandWiched betWeen the tWo. A PTFE liner 
10 is disposed With in the catheter inner tube 8. That portion 
of the catheter inner tube 8 Which resides inside the de?ection 
tube (item 8d) comprises a coil covered With pebax. The 
portion of the catheter inner tube 8 Which is proximal to the 
de?ection tube (item 8p) comprises a braid covered With 
pebax or embedded With pebax. Its outer diameter is siZed to 
slip ?t Within the inner diameter of the outer catheter shaft 7. 
A pullWire 11 runs betWeen the inner catheter/de?ection tube 
and the outer catheter shaft 7. A groove for receiving the 
pullWire may be cut in the outer Wall of the inner tube or in the 
inner Wall of the outer catheter shaft. The tWo shafts may then 
be melted, bonded, pull-truded, glued or Welded to make a 
unitary tube With a central lumen and an eccentric pullWire 
lumen. 
[0037] FIG. 4 is a plan vieW of a nitinol de?ection tube of 
the de?ectable guide catheter. The de?ection tube 9 consists 
of a round stainless steel or nitinol tube With a speci?c pattern 
of slots 12 machined into it as shoWn in FIG. 4. The pattern of 
slots controls the shape that the distal portion of the catheter 
bends in and the sequence in Which its sections bend. The 
slots 12 are cut to varying depths, Widths and spacing to 
control the shape of the tube’s bending. Slots may also 
include angular variations. Angular variations alloW one to 
create ?exibility in many directions, create three dimensional 
curve geometries, and create multiple de?ecting segments in 
the same de?ection component Which can be controlled by 
separate pull Wires Which may used create curves in different 
planes from one another. 
[0038] FIG. 5 is a cross section of the distal end of the 
tubing of the de?ectable guide catheter shoWn in FIG. 1, 
illustrating the pebax covered coil 8, Which may be reinforced 
With metal braid, immediately surrounding the PTFE liner 10 
the de?ection tube 9 immediately surrounding the catheter 
and catheter inner tube 8d and liner 10, and the catheter outer 
tube 7 With the pullWire 11 running betWeen the de?ection 
tube and the catheter inner tube 8d. The outer catheter shaft 
comprises a braided tube 13 covered in an outer jacket 14. 
FIG. 6 is a cross section of the proximal portion of the tubing 
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of the de?ectable guide catheter shoWn in FIG. 1, illustrating 
the PTFE liner 10, the catheter inner tube 8p immediately 
surrounding the liner (pebax and braid, Which is roughly 
isodiametric With the covered coil), and the catheter outer 
tube 7 With the pullWire running betWeen the de?ection tube 
and the outer catheter shaft. The outer catheter shaft com 
prises a stainless steel braided tube 13 covered in the outer 
jacket 14 pebax. The basic structure of the steerable guide 
catheter may be modi?ed as described beloW to enable an 
easily navigable guide catheter suited to access various target 
locations Within the vasculature. 

Carotid Artery De?ectable Guide/Guide-Sheath 

[0039] FIG. 7 is a schematic of a de?ectable guide catheter 
in the body vasculature accessing a carotid artery from a 
femoral access site, While FIG. 7a illustrates the de?ectable 
guide catheter adapted for accessing a carotid artery from a 
femoral access site. The carotid artery is in the neck. It may be 
narroWed or occluded by plaque, Which limits the amount of 
blood ?oWing to the brain. Doctors may Want to intervene in 
the carotid artery to enlarge the lumen and increase the ?oW of 
blood to the brain. Carotid stenting is an important neW inter 
ventional modality With the primary dif?culty today being 
vascular access. As undue manipulation in such a procedure 
could dislodge plaque from the vessel With severe doWn 
stream repercussions of embolic stroke induced neurological 
de?cit costing upWards of $50,000 per patient. With 140,000 
carotid interventions estimated for 2006, there is an enormous 
need for a highly controllable thin Walled de?ectable guiding 
catheter to optimiZe access for this procedure as the primary 
goal today in carotid stenting is to minimiZe the catheter 
manipulations. 
[0040] As shoWn in FIG. 7, Which illustrates a patient 21 
and the pertinent portion of the vasculature, including, for 
example, the left common carotid artery 22 Which is accessed 
through an incision site in the groin in a femoral artery 23. 
Under ?uoroscopic guidance, devices are threaded retrograde 
up the aorta, then antegrade doWn the left or right common 
carotid artery and possible doWn into the internal or external 
branches of the carotid arteries. To use a steerable guide 
sheath 1, an interventionalist inserts a tapered obturator in the 
guide-sheath over a guideWire and inserts the tapered tip of 
the obturator into the femoral artery. The guide-sheath is then 
slid into the vessel over the obturator and ?exible guideWire. 
(The obturator may be removed at this point or later.) Under 
?uoroscopic guidance, the interventionalist advances the 
guide-sheath to the carotid artery lesion region of interest. 
Once at the lesion site, the interventionalist WithdraWs the 
obturator but leaves the guide and guideWire in place, or the 
doctor removes the obturator and guideWire together, then 
reinserts the guideWire through the guide catheter. After con 
?rming the lesion location and guide-sheath tip location 
under ?uoroscopy or other imaging means, the doctor 
advances an interventional device through the sheath guide to 
start the intervention. The interventional device can be an 
atherectomy device to remove material, a balloon angioplasty 
device to push plaque back against the Walls of the vessel, or 
a stent to hold the plaque back against the vessel Walls and 
keep the vessel open. In some cases, an embolic protection 
device is deployed beyond the lesion before the angioplasty 
or stenting begins. The embolic protection device is typically 
a trap or net or ?lter that is placed doWnstream from the 
lesion. Interventional manipulations can cause pieces of 
plaque or calcium or thrombus to break off the lesion and 
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proceed downstream due to the direction of the blood ?oW. In 
the carotid intervention, the downstream direction leads to the 
brain, Where these emboli can lodge and cause strokes. The 
embolic protection devices are designed to trap these emboli 
and prevent them from entering the brain. 
[0041] The de?ectable guide catheter for carotid arteries 
should be a minimum of 6.25 (0.081") French internal diam 
eter and less than an 8.25 (0.108") French outside diameter, 
leaving a 1 French Wall thickness (thus permitting passage of 
6F devices through the de?ectable guide and permitting the 
de?ectable guide through an 8F introducer). For some of the 
larger self-expanding nitinol stent systems, a version that is 
7.25 French ID and 9.25 French OD may be applicable. It is 
ideally at least 90 centimeters total length. As shoWn in FIG. 
7a, the de?ectable segment 5 is de?ectable from a straight 
position to a 90-degree bend in a sWeep distance D (the sWeep 
distance is the term We use for the maximum distance 
betWeen the catheter main axis and the distal tip, Which in this 
case is the same as the radius of curvature R) of a maximum 
of about 1 to 3 cm, preferably about 2.5 cm (1 inch). The distal 
tip of the de?ectable carotid catheter consists of a soft tip that 
is atraumatic to any tissues it encounters. The carotid guide 
must have a smooth and lubricious interior to easily pass 
devices to the target lesion. The distal de?ectable portion of 
the carotid guide should be stiff enough to support the inter 
ventional devices While they are being deployed in the carotid 
artery. The carotid de?ectable guide shaft must be ?exible 
enough in bending to track over a guideWire and obturator to 
reach the carotid artery from the femoral cutdoWn. The 
de?ectable carotid sheath guide should be stiff enough in 
torque to alloW the doctor to rotate the distal tip by rotating the 
proximal handle. 
[0042] Each of these attributes is provided by the construc 
tion of the de?ection segment. The construction of the cath 
eter from the distal tip to the handle consists of a composite 
tube made up of several layers. The very distal tip of the tube 
consists of a soft tip of Pebax polymer (a polyether-based 
polyamide). The distal de?ectable segment 5 consists of a 
PTFE liner that has an 0.083" inside diameter and a 0.001" 
Wall thickness, a stainless steel coil With an inside diameter of 
0.085" and a Wire diameter of 0.001 " impregnated With Pebax 
polymer (35D), a PTFE coated stainless steel pullWire With a 
0.005" diameter, a slotted nitinol de?ection tube With an 
inside diameter of 0.098" an outside diameter of 0. 1 04" and a 
length of 1.25" and slots of varying Width, spacing and depth 
to control its behavior in curing, and a soft and rubbery pebax 
distal outer cover (35D) With an inner diameter of 0. 1 04" and 
an outer diameter of 0. 1 08". The shaft proximal of the de?ec 
tion area consists the same 0.001" thick PTFE liner, 1 over 2 
stainless steel inner braid With a ?at ribbon dimension of 
0.004" Wide by 0.001" tall, an eccentric dual lumen Pebax 
tube of various durometers, the stainless steel PTFE coated 
pullWire, a stainless steel outer braid and Pebax outer jacket of 
varying durometers Whose outside diameter is 0.108" after 
tube construction. The lumen the pullWire travels in may be 
rotated around the axis of the shaft of the guide to even out the 
pull-Wire length and moment of inertia of the tube With 
respect to the guide’s main axis While the guide is being 
rotated by the user. The covered coil in the distal de?ecting 
region of the catheter keeps the lumen round and open during 
the bending process. The slotted nitinol torque tube creates 
very tight bends When pulled on by the pull Wire in a repeat 
able controllable manner. The slot pattern controls the radius 
of curvature (also sWeep distance), the amount of curvature 
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and the force required to curve the de?ectable portion of the 
guide. The design of the slotted nitinol torque tube also con 
trols the direction of bending of the distal end in a repeatable 
manner and provides the spring force to straighten the distal 
end of the catheter When the pullWire tension is released. The 
slotted nitinol torque tube alloWs these bending geometries 
While still transmitting torque from the handle to the distal 
end of the device and providing column support to devices 
inserted through the guide. The durometer of the inner and 
outer Pebax portions of the tube transition from a very soft 
distal outer cover (35D) for 1.5 inches to a soft Pebax (50D) 
for 2 inches at the distal end of the non-de?ecting portion of 
the shaft to a harder Pebax (63D) segment for 5 inches to a 
harder Pebax segment (72D) for the rest of the shaft. These 
Pebax segments alloW ?exibility in bending for tracking 
around tight curves While providing enough column strength 
for the catheter to be advanced over the guideWire and support 
the force of the pullWire on the distal end of the catheter 
during de?ection. The stainless steel braiding enhances the 
torque characteristics of the shaft and supports the column 
strength and resists buckling or kinking. The density of the 
braid in the braid layers and the thickness of the braid Wires 
may be varied to adjust the bending, buckling, and torsional 
stiffness of the shaft at various sections but is generally 
betWeen 25 and 100 picks per inch. The proximal shaft enters 
the molded plastic handle through an elastomeric strain relief. 
The pullWire exits the side of the shaft inside the handle and 
is a?ixed to a rotating crank. This rotating crank is joined to an 
external knob through one of the handle halves. The torque 
applied to the handle of the device is transmitted to the shaft 
of the device by a block that is constrained by the handles and 
is glued to the shaft inside the handles. The most proximal 
portion of the shaft is joined to a Pebax extension, a polycar 
bonate extension tube, and ?nally a luer Which protrudes from 
the proximal portion of the handle. Attached to this luer is a 
hemostatic device that alloWs other devices to be placed 
through the guide Without alloWing blood under body pres 
sure to escape. The hemostatic device has an infusion side 

arm to alloW ?ushing of the sheath-guide While other devices 
are inserted Within it. 

[0043] To operate the device, the doctor actuates the knob 
to de?ect the distal end of the tube in the same direction of the 
knob up to 90 degrees of bending. The components of the 
distal section of the tube keep the lumen of the device open 
and round during this de?ection. The PTFE liner of the device 
enables other devices to slide though the catheter easily and 
smoothly. 
[0044] Carotid stenting may be performed With this device 
from either a femoral artery access or a brachial artery access 

site in Which the de?ection must provide a 1800 turn to go up 
to the carotid. In addition, for carotid access, tWo shapes With 
proximally located pre?xed bends may also be desirable. In 
this situation, a thermoforrn bend is made such that the entire 
catheter in its unde?ected shape appears like a VTECH cath 
eter such that the distal 1 .25 to 1 .5 inches of theVTECH shape 
is the de?ection component. Other proximal bends to the 
catheter, such as a de?ection roughly 10 to 15 cm proximal to 
the distal tip in the opposite direction of the de?ecting com 
ponent (such that the distal end looks like an elongated “S”) 
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are also optional and easy to add once the de?ection charac 
teristics and shaft diameter requirements are de?ned. 

Renal Artery De?ectable Guide/Guide-Sheath 

[0045] FIG. 8 is a schematic of a de?ectable guide catheter 
in the body vasculature accessing a renal artery from a femo 
ral access site, While FIG. 8a illustrates the de?ectable guide 
catheter adapted for accessing a renal artery from a femoral 
access site. It is estimated that 80,000 procedures involving 
renal artery access and stenting Will be performed in the 
United States by 2007. A de?ectable Guide/Guide sheath for 
renal stenting is a neW solution that provides physicians With 
the ability to access di?icult renal arteries With severe angu 
lation. Such arteries are often only accessible With standard 
?xed guides from a brachial approach Which has far more 
complications. De?ectable guides can provide back up sup 
port to advance Wires and balloons and optimiZe their orien 
tation into the center of the vessel lumen. 
[0046] As shoWn in FIG. 8, Which illustrates a patient 21 
and the pertinent portion of the vasculature, including the 
renal artery 24 Which is accessed through the vascular tree 
from an incision site in the groin in a femoral artery 23. The 
renal artery guide-sheath is ideally about 64 centimeters long. 
The guide-sheath is inserted in the femoral artery over a 
guideWire and obturator/introducer. The guide-sheath has a 
removable hemostatic valve on the proximal end to control 
hemostasis While other devices are put through it. It has an 
internal diameter of at least 6.25 French and an outside diam 
eter of 8.25 French or less. The distal end of the renal guide 
sheath should be able to bend in a curve of at least 135° from 
straight to access renal arteries that take off from the abdomi 
nal aorta at acute angles. The distal end of the sheath-guide 
must be stiff enough to support guideWires, balloon catheters 
and stents in the renal artery Without losing its position in the 
ostium of the renal artery. As shoWn in FIG. 8a, the renal 
artery sheath guide should be capable of bending to the 135° 
angulation from straight Within a sWeep distance of 3 centi 
meters (about 1 .25 inches). This alloWs the doctor to curve the 
distal end and access the renal artery in aortas that are narroW 
in diameter or calci?ed. The very distal tip of the renal artery 
guide- sheath should be soft and may be tapered on the outside 
diameter to alloW deeper seating in the renal artery. The inside 
of the renal artery guide-sheath should be smooth and lubri 
cious for the passage of guideWires, angioplasty balloons, 
balloon expanding and self-expanding stents. The renal artery 
guide-sheath should be stiff enough in torque to alloW the 
doctor to get good one-to-one rotation correspondence 
betWeen the handle and the distal tip for ?nding the renal 
artery. The distal tip of the guide-sheath is radiopaque so the 
doctor can see its location on ?uoroscopy. The construction of 
the distal de?ectable portion of the renal artery guide sheath 
consists of a PTFE liner, a Pebax infused stainless steel coil, 
a PTFE covered pullWire, a slotted nitinol de?ectable mem 
ber, and a Pebax outer jacket. The shaft proximal of the 
de?ection tube consists of a PTFE liner, stainless steel braid, 
Pebax tube encasing a PTFE covered stainless steel pullWire, 
stainless steel braid, and Pebax outer jacket. The handle por 
tion of the renal artery guide-sheath is the same as the carotid 
guide- sheath described above. 

Abdominal Aortic Aneurysm De?ectable Guide 

[0047] FIG. 9 is a schematic of a de?ectable guide catheter 
in the body vasculature going from one side of the femoral 
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aortic bifurcation to the other, While FIG. 9a illustrates the 
de?ectable guide catheter adapted for crossing the femoral 
aortic bifurcation. This procedure is used in abdominal aortic 
aneurysm stent procedures. An estimated 90,000 of these 
procedures Will be performed in the United States in 2007. 
[0048] As shoWn in FIG. 9, Which illustrates a patient 21 
and the pertinent portion of the vasculature, including the 
contralateral femoral artery 23R Which is accessed through 
the vascular tree from an incision site in the groin in a left 
femoral artery 23L. In abdominal aortic aneurysm (AAA) 
graft stenting, the doctor inserts permanent implants into the 
abdominal aorta and femoral arteries of the legs. The abdomi 
nal aorta bifurcates into the tWo femoral arteries (right and 
left) in a “y” shape. Sometimes, the aorta is Weakened and the 
vessel enlarges creating an aneurysm. The stent-graft is 
inserted by a catheter to cover the aneurysm area and prevent 
any further enlarging of the aneurysm. The graft typically 
consists of a nitinol and Dacron body With an aortic portion 
and a left and right leg portion that lie in the femoral arteries. 
During one part of the procedure to install the AAA stent 
grafts, the doctor needs to pass a guideWire from one femoral 
artery into the other, around the bifurcation of the femoral 
arteries. This involves making the guideWire turn 1500 or 
more. For this application, a de?ectable guide catheter With a 
minimum of 0.035" ID (0.9 mm or about 3 French) and an 
outside diameter of 6 French or less is desirable, although 
larger siZes such as Would be used for renal stenting are also 
appropriate. What is necessary is that the guide be able to have 
a very tight turn at its distal end to redirect the guide Wire 
doWn the other leg of the AAA graft. The guide should be a 
minimum of 35 centimeters long and a maximum of 90 cen 
timeters long. As shoWn in FIG. 9a, the distal end of the guide 
catheter should bend up to 180° in a 1 cm radius. This alloWs 
the quick and easy passage of a guideWire from one femoral 
artery to the other and the connection of theAAA stent grafts. 
The distal shaft of the AAA guideWire passing guide consists 
ofa PTFE liner With an ID of 0.055" and a Wall thickness of 
0.001", stainless steel coil With an ID of 0.058" and a 0.001" 
Wire diameter embedded With Pebax polymer (35D, 0.001" 
Wall thickness), a PTFE covered pullWire (0.0035" diameter), 
a slotted nitinol tube (0.070 ID, 0.076 OD, 1.25" length, 20 to 
30 slots) to control the plane and shape of the bending, and a 
Pebax outer jacket (35D durometer, 0.076" ID, 0.078" OD). 
The very distal tip of the guide is a soft Pebax tip. The 
operation of the catheter is a folloWs. The shaft construction 
of this guide proximal to the de?ectable portion consists of a 
the PTFE liner and a proximal composite shaft consisting of 
Pebax polymer, 1><2 stainless steel inner braid, the PTFE 
coated stainless steel pullWire, a 1x2 stainless steel outer 
braid, and a Pebax (72D) outer jacket. The handle of this 
device is the same as the previously described guide. 

[0049] The doctor inserts the guide or guide-sheath into the 
femoral artery either over a guideWire or a guideWire and 
introducer/obturator. Under ?uoroscopic or other guidance, 
the doctor advances the steerable guide up to the bifurcation 
and then actuates the knob on the handle. Rotating the knob 
on the handle pulls the pullWire Which is attached to the crank 
in the handle and the distal end of the slotted de?ection tube 
in the distal end of the catheter. The tension on the pullWire 
and the construction of the distal end of the catheter causes the 
distal end to curve in the tight radius toWard the other leg of 
the bifurcation. The doctor can also torque the catheter by the 
handle to tWist the distal curved end of the catheter in the 
abdominal aorta. Once the distal end of the catheter is pointed 
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in the correct direction (doWn the other femoral artery), the 
doctor passes the guideWire up and over the bifurcation. He 
then snares the guideWire With a snare in the contralateral leg 
and pulls it out of the opening in the contralateral artery. This 
alloWs him to complete the installation of the stent graft. This 
application may be used With a tWo -part magnet Wire in Which 
magnetically attracted Wires are advanced both through the 
steerable guide catheter and through the contralateral limb 
such that they are draWn to one another and no snaring of the 
Wire is required. In such a situation one or tWo magnets can be 
used. If only one magnet is used on the tip of one Wire, then 
the other Wire Would require ferromagnetic materials. 
[0050] In other femoral artery interventions, doctors Want 
to approach a lesion or occlusion and open it up With throm 
bolysis, angioplasty, atherectomy, stenting or a mechanical 
means of crossing the total occlusion folloWed by an angio 
plasty and stenting. Typically, these interventions take place 
in superior femoral arteries and are approached by the doctor 
through an arterial entry in the contralateral leg (side other 
than the leg With the blockage). In this procedure, the doctor 
inserts a guide-sheath into the vessel over a guideWire and 
dilator. The guide-sheath has a proximal hemostasis valve 
that alloWs the insertion and WithdraWal of devices through its 
lumen, While preventing blood from escaping the arterial 
puncture (hemostasis). The doctor then uses the guide-sheath 
to move retrograde up the femoral artery to the bifurcation of 
the femoral arteries at the base of the abdominal aorta. Here, 
he de?ects the tip of the guide-sheath to pass the guideWire 
around the bifurcation, Which is a tight junction. He then 
folloWs the guideWire around the bifurcation With the guide 
sheath to the location of interest in the opposite leg. There he 
completes the intervention With the guide-sheath providing 
support to the interventional devices as Well as steering the 
guideWire and devices into speci?c sub-arteries off of the 
main femoral arteries. For this application, the inner diameter 
of the guide-sheath is 0.081" and the outside diameter is 
0.107" and the length of the guide-sheath is betWeen 60 and 
90 centimeters (different versions). This same device has 
applications for placing coils in the hypogastric arteries or 
internal iliac arteries duringAAA graft procedures, accessing 
and placing devices in the celiac trunk, and delivering devices 
into he superior mesenteric artery. Devices advanced into 
these vessels include guideWires, balloons, stents, infusion 
devices and ?uids, devices for crossing occlusions With either 
blunt dissection or energy delivery, coils for obstructing 
blood ?oW, and thrombectomy catheter systems Which are 
knoWn in the ?eld and developing. 
[0051] FIGS. 9b, 9c and 9d illustrate variations of the 
de?ectable guide catheter adapted for crossing the femoral 
aortic bifurcation to support these procedures. The distal tip 
of the guide is a soft 35D Pebax soft tip. The composite shaft 
construction of the de?ectable segment 5, just proximal to the 
distal tip, consists ofa PTFE liner With an ID of0.081" and a 
Wall thickness of 0.001". Outside the liner is a stainless steel 
coil/35D Pebax composite With a round Wire thickness of 
0.001" and an outside diameter of 0.090" and a length of 
approximately 1.5 inches. A PTFE coated 0.0005" pullWire 
rides outside of the covered coil and is attached at the distal 
end to a c-ring Which is glued to the covered coil and sits in a 
pocket in the slotted nitinol torque tube. The slotted nitinol 
torque tube has an inside diameter of 0.098", an outside 
diameter of 0.104" and a length of about 1.5 inches. The 
slotted nitinol torque tube is covered With a soft Pebax (35D) 
outer jacket 30 for its full length. The composite tubing con 
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struction proximal of the de?ectable region consists of the 
PTFE liner, an inner stainless steel braid, a Pebax inner tubing 
(starting at 35D at the distal end and transitioning to 72D at 
the proximal end in segments), the PTFE-coated pullWire, an 
outer stainless steel braid, and an outer Pebax jacket that is 
fused through the outer braid. The distal segment of the outer 
jacket is a soft 35D durometer and the jacket transitions along 
the main body, segment by segment to a harder 72D durom 
eter toWards the proximal portion of the catheter shaft (such 
that segment 50 has a hardness of about 50D, segment 63 has 
a hardness of about 63D, and segment 72 has a hardness of 
72D). Each segment of Pebax is butt-Welded/heat fused to 
each adjoining segment to make one continuous smooth tube. 
The outer diameter of the fused composite tube is 0.108". The 
shaft of the catheter enters the handle through an elastomeric 
strain relief as previously described. The proximal end of the 
de?ection pull Wire is attached to a crank and knob in the 
handle as previously described. The most proximal portion of 
the handle is a female luer ?tting as previously described. In 
this application, a hemostatic valve is attached to the proximal 
luer ?tting to control the hemostasis during the procedure. 
The obturator for the Femoral Artery sheath guide is a holloW 
polyethylene shaft With a total length that is 4 centimeters 
longer than the guide-sheath With Which it is used. The obtu 
rator has an internal diameter of 0.040" and an outside diam 
eter of 0.065". The distal tip of the obturator tapers to an OD 
of 0.045" over 4 centimeters. The proximal end of the obtu 
rator has a female luer ?tting on it. 

De?ectable Guide for Left Internal Mammary 
Access 

[0052] FIG. 10 is a schematic of a de?ectable guide catheter 
in the body vasculature accessing the left internal mammary 
artery from a femoral access site, While FIG. 10a illustrates 
the de?ectable guide catheter adapted for accessing the left 
internal mammary artery from a femoral access site. The left 
internal mammary artery is often used during coronary artery 
bypass grafting to bypass a blockage in one of the coronary 
arteries that feed the heart muscle. Over time, these bypass 
grafts themselves may become occluded With thrombus or 
artherosclerosis and are a target for an intervention, such as 
angioplasty, thrombolysis, or stenting. Gaining access to the 
ostium of the LIMA can be very di?icult because of the angle 
it joins the left subclavian artery. If approached from the 
femoral artery access point, the guide must transverse up the 
aorta, into the left subclavian artery from the aorta and into the 
LIMA from the left subclavian artery. Although there are 
pre-shaped guides designed for this access, doctors still have 
di?iculty accessing this region. Some doctors prefer to access 
the LIMA from the radial artery, because the approach can be 
straighter than from the femoral access, but the radial arteries 
are typically smaller than the femorals Which can make insert 
ing the sheath and guide catheter di?icult. 
[0053] As shoWn in FIG. 10, Which illustrates a patient 21 
and the pertinent portion of the vasculature, including the left 
internal mammary artery 25 Which is accessed through the 
vascular tree from an incision site in the groin in a femoral 
artery 23. For this application, the LIMA guide is 90 centi 
meters long With an internal diameter of 4 French, an external 
diameter of 6.25 French, a 180-degree bend capability, and a 
sWeep distance D of about 1.5 centimeters (a radius of cur 
vature R of 0.75 cm), as shoWn in FIG. 10a. The guide must 
be supple enough to track over a guideWire to reach the LIMA 
ostium from the femoral approach. With the advent of neW 
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drug eluting stents a steerable guide Which can pass 5 French 
stents (5.25F ID) and other devices and can be inserted 
through a 7F introducer (7.25F OD) are also of great value 
and readily realizable through this invention. 
[0054] The construction of the de?ectable left internal 
mammary artery guide is as folloWs. The distal tip of the 
guide is a soft 35D Pebax soft tip. The composite shaft con 
struction proximal to the distal tip consists of a PTFE liner 
With an ID of 0.057" and a Wall thickness of 0.001 ". Outside 
the liner is a stainless steel coil/35D Pebax composite With a 
round Wire thickness of 0.001" and an outside diameter of 
0.063" and a length of approximately 1.5 inches. A PTFE 
coated 0.0035" pullWire rides outside of the covered coil and 
is attached at the distal end to a c-ring Which is glued to the 
covered coil and sits in a pocket in the slotted nitinol torque 
tube. (The guide Wire attachment to the de?ection tube is 
described in Rosenman, et al., Drug Delivery Catheters That 
Attach T0 Tissue And Methods For Their Use, U.S. Pat. No. 
6,51 1,471 (Jan. 28, 2003), hereby incorporated by reference.) 
The slotted nitinol torque tube has an inside diameter of 
0.070", an outside diameter of 0.075" and a length of ~1.5 
inches. The slotted nitinol torque tube is covered With a soft 
Pebax (35D) outer jacket for its full length. The composite 
tubing construction proximal of the de?ectable region con 
sists of the PTFE liner, an inner stainless steel braid, a Pebax 
inner tubing (starting at 35D at the distal end and transitioning 
to 72D at the proximal end in segments), the PTFE-coated 
pullWire, an outer stainless steel braid, and an outer Pebax 
jacket that is fused through the outer braid. The distal segment 
of the outer jacket is a soft 35D durometer and the jacket 
transitions segment by segment to a harder 72D durometer 
toWards the proximal portion of the catheter shaft. Each seg 
ment of Pebax is butt-Welded/heat fused to each adjoining 
segment to make one continuous smooth tube. The outer 
diameter of the fused composite tube is 0.081". The shaft of 
the catheter enters the handle through an elastomeric strain 
relief as previously described. The proximal end of the de?ec 
tion pull Wire is attached to a crank and knob in the handle as 
previously described. The most proximal portion of the 
handle is a female luer ?tting as previously described. 
[0055] This device can be used as a guide-sheath by the 
addition of a hemo static valve on the proximal end and the use 
of a tapered obturator during introduction in the artery as 
previously described. The ideal dimensions of the guide 
sheath for this application are 0.056" ID With a 0.081" OD. 
The construction method of the guide sheath is the same as the 
previously described LIMA guide, but With the larger diam 
eters. 

[0056] An alternate embodiment of the de?ectable LIMA 
guide includes a pre-shape to the portion just proximal of the 
de?ectable end. This pre-shape makes it easier to thread the 
guide into the left subclavian vein. The pre-shaping is created 
by heating the catheter tube assembly in that shape for a 
period of time and cooling the device to room temperature. 
After cooling, the shaft retains the shape. The retaining 
method for heat treating the tube can either be an internal 
mandrel made of polymer or metal, or an external mold made 
of polymer, metal or glass. 

De?ectable Guide-Sheath for Cardiac Venous Access 

[0057] FIG. 11 is a schematic of a de?ectable guide catheter 
in the body vasculature accessing the coronary sinus in the 
right atrium from a venous access site in the neck of the body, 
While FIG. 11a illustrates the de?ectable guide catheter 
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adapted for accessing the coronary sinus in the right atrium 
from a venous access site in the neck of the body. The coro 
nary sinus is the ostium of the venous drainage from the heart 
into the right atrium. In some procedures, such as insertion of 
pacemaker Wires or percutaneous valvuloplasty, or infusion 
of therapeutics to the heart tissue, the doctor desires to gain 
access to the heart’s venous system through the coronary 
sinus. In the usual cases, this can be done quickly, but in a 
signi?cant percentage of the cases, the coronary sinus is in an 
unusual or hard to reach position When accessed With pre 
shaped guides. This is particularly true in patients Whose 
hearts have undergone remodeling due to disease. 
[0058] As shoWn in FIG. 11, Which illustrates a patient 21 
and the pertinent portion of the vasculature, including the 
coronary sinus 26 Which is accessed through the vascular tree 
from an incision site in the jugular vein 27 of the patient. One 
preferred embodiment of a coronary sinus guide, shoWn in 
FIG. 11a, has a length of 60 centimeters, an internal diameter 
of 7.25 French, an external diameter of 9.25 French, a 45-90 
degree of curvature, and a sWeep distance D of 4 centimeters. 
This preferred embodiment also has a bend of 450 located 
about 10 centimeters proximal to the de?ectable region. This 
bend orients the tip in the general direction of the normal 
coronary sinus. The de?ectability of the tip alloWs for the 
doctor to adjust the shape of the guide to suit the speci?c 
patient anatomy. 
[0059] A typical bi-ventricular pacemaker lead implanta 
tion procedure accessing the coronary sinus proceeds as fol 
loWs. The doctor inserts the steerable guide catheter With a 
splittable sheath introducer already in place through a jugular 
vein in the neck of the patient over a guideWire or a guideWire 
and obturator. The doctor advances the steerable guide to the 
junction of the superior vena cava, inferior vena cava and 
right atrium of the heart. He steers and rotates the tip of the 
de?ectable guide catheter and advances and retracts the 
guideWire from the tip in search of the coronary sinus. He may 
use radiopaque contrast and ?uoroscopic guidance during 
this part of the procedure. Alternatively, he may use an elec 
trode-tipped electrophysiology catheter inside the steerable 
guide catheter to look for the coronary sinus. The distinctive 
electrical patterns of the conduction in the coronary sinus and 
also along the right atrial Wall above the cardiac conduction 
system (AV node and HIS bundle) compared to the atrial 
tissue Will help guide placement and con?rm entry to the 
doctor that the EP catheter is in the sinus. Once a guideWire is 
placed in the sinus, the doctor Will advance it doWn to a 
speci?c branch of the coronary venous system that is appro 
priate to pace the left ventricle of the heart. He then removes 
the guide catheter leaving the splittable or peelable introducer 
in place and a pacemaker electrode is advanced through the 
splittable sheath to the location chosen over the guideWire. 

[0060] The construction of the de?ectable coronary sinus 
guide catheter is as folloWs. The distal tip of the guide is a soft 
35D Pebax soft tip. The composite shaft construction proxi 
mal to the distal tip consists of a PTFE liner With an ID of 
0.096" and a Wall thickness of 0.001". Outside the liner is a 
stainless steel coil/35D Pebax composite With a round Wire 
thickness of 0.001" and an outside diameter of 0.103" and a 
length of approximately 1.5 inches. A PTFE coated 0.006" 
pullWire rides outside of the covered coil and is attached at the 
distal end to a c-ring Which is glued to the covered coil and sits 
in a pocket in the slotted nitinol torque tube. The slotted 
nitinol torque tube has an inside diameter of 0.101", an out 
side diameter of 0. 1 17" and a length of about 1.5 inches. The 
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slotted nitinol torque tube is covered With a soft Pebax (35D) 
outer jacket for its full length. The composite tubing construc 
tion proximal of the de?ectable region consists of the PTFE 
liner, an inner stainless steel braid, a Pebax inner tubing, the 
PTFE-coated pullWire, an outer stainless steel braid, and an 
outer Pebax jacket that is fused through the outer braid. The 
durometer for both of the Pebax components in this shaft can 
be 72 D or slightly softer. The outer diameter of the fused 
composite tube is 0.121". The shaft of the catheter enters the 
handle through an elastomeric strain relief as previously 
described. The proximal end of the de?ection pull Wire is 
attached to a crank and knob in the handle as previously 
described. The most proximal portion of the handle is a 
female luer ?tting as previously described. The pre-shaping 
of the distal portion of this catheter is achieved by a heat 
treatment of the composite shaft before ?nal assembly as 
previously described. 
[0061] An alternate embodiment of the de?ectable coro 
nary sinus guide is a straight (not pre-shaped catheter) that is 
pliable enough to conform to the patient anatomy. 
[0062] An alternate embodiment of the de?ectable coro 
nary sinus guide includes softer Pebax distal segments so the 
guide can advance over a guideWire or electrophysiology 
catheter into the sinus and coronary venous tree. 
[0063] An alternate embodiment of the de?ectable coro 
nary sinus guide Would have an ID of more than 8 French and 
an OD of 10 French to alloW an 18-1 connector on a pace 
maker lead to ?t through it (so the guide can be used until the 
lead is placed distally, then the guide can be threaded over the 
proximal portion of the lead, leaving the distal portion of the 
lead undisturbed in the heart). 

De?ectable Guide for Cardiac Venous Sub-Selection 

[0064] FIG. 12 is a schematic of a de?ectable guide sub 
selecting a coronary vein from Within another de?ectable 
guide that is accessing the coronary sinus from a venous 
access site in the neck of a body, While FIG. 12a illustrates the 
de?ectable guide catheter adapted for accessing a coronary 
vein from a venous access site in the neck of the body, steering 
a guideWire or pacemaker lead into them. The coronary sinus 
leads retrograde to the great cardiac vein. The great cardiac 
vein is in communication With the middle and posterior car 
diac veins of the heart. It is into these veins that the doctor 
Wishes to position the left ventricular pacing lead. If he can 
place the pacing lead in a vein that is outside of the left 
ventricle, the left ventricle can be paced by the pacemaker. 
This makes the pumping of the paced heart much more effec 
tive. One Way to place this lead is to use a cardiac venous 
subselector de?ectable guide catheter to place a guideWire in 
the correct vein position. 
[0065] As shoWn in FIG. 12, Which illustrates a patient 21 
and the pertinent portion of the vasculature, including the 
coronary sinus 26 and coronary veins 28 branching off the 
coronary sinus, Which are accessed through the vascular tree 
from an incision site in the jugular vein 27 of the patient. The 
de?ectable subselector guide catheter can be advanced 
through a sheath, a ?xed shape guide, or through a de?ectable 
coronary sinus guide catheter (or guide-sheath) as described 
above. The ideal cardiac vein de?ectable subselector guide is 
90 centimeters long, has an internal diameter of 0.052", an 
outside diameter of 0.076", a curvature of 90°, and a curve 
radius (sWeep distance) of 1.0 cm. The cardiac vein de?ect 
able subselector guide is ?exible enough to track over a 
0.018" or 0.035" guideWire. This ?exible de?ectable guide 
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for venous sub-selection has a very small distal curve sWeep 
and may be used once access to the coronary sinus is 
achieved. It may also be used With a length of protruding 
guideWire (about 3") to sWeep the guideWire into the coronary 
sinus and then folloW it into the coronary sinus. This has great 
advantages in that one less access device Would be required. 
[0066] The construction of the de?ectable cardiac vein sub 
selector guide catheter is as folloWs. The distal tip of the guide 
is a soft 35D Pebax soft tip. The composite shaft construction 
proximal to the distal tip consists of a PTFE liner With an ID 
of 0.052" and a Wall thickness of 0.001". Outside the liner is 
a stainless steel coil/ 35D Pebax composite With a round Wire 
thickness of 0.001" and an outside diameter of 0.055" and a 
length of approximately 1.5 inches. A PTFE coated 0.0035" 
pullWire rides outside of the covered coil and is attached at the 
distal end to a c-ring Which is glued to the covered coil and sits 
in a pocket in the slotted nitinol torque tube. The slotted 
nitinol torque tube has an inside diameter of 0.065", an out 
side diameter of 0.070" and a length of about 1.5 inches. The 
slotted nitinol torque tube is covered With a soft Pebax (35D) 
outer jacket for its full length. The composite tubing construc 
tion proximal of the de?ectable region consists of the PTFE 
liner, an inner stainless steel braid, a Pebax inner tubing 
(starting at 35D at the distal end and transitioning to 72D at 
the proximal end in segments), the PTFE-coated pullWire, an 
outer stainless steel braid, and an outer Pebax jacket that is 
fused through the outer braid. The distal segment of the outer 
jacket is a soft 35D durometer and the jacket transitions 
segment by segment to a harder 72D durometer toWards the 
proximal portion of the catheter shaft. Each segment of Pebax 
is butt-Welded/heat fused to each adjoining segment to make 
one continuous smooth tube. The outer diameter of the fused 
composite tube is 0.076". The shaft of the catheter enters the 
handle through an elastomeric strain relief as previously 
described. The proximal end of the de?ection pull Wire is 
attached to a crank and knob in the handle as previously 
described. The most proximal portion of the handle is a 
female luer ?tting as previously described. 
[0067] An alternate embodiment of the de?ectable cardiac 
vein subselector guide consists of a inner PTFE liner, a layer 
of Pebax, a PTFE coated pullWire, an outer braid, and an outer 
jacket of Pebax fused through the outer braid. This construc 
tion has an even thinner Wall and more ?exible shaft than the 
previous embodiment. It tracks better over a guideWire but 
has slightly less torque transmission capability. 

De?ectable Guide for Coronary Artery Use 

[0068] FIG. 13 is a schematic of a de?ectable guide catheter 
in the body vasculature accessing the left coronary artery 
ostium in the aorta from a femoral arterial access site, While 
FIG. 13a illustrates the de?ectable guide catheter adapted for 
accessing the left coronary artery ostium in the aorta from a 
femoral arterial access site. The left coronary artery is one of 
the main blood vessels that feeds the heart muscle. Some 
times blockages develop in the left coronary artery or one of 
its sub-branches. 
[0069] As shoWn in FIG. 13, Which illustrates a patient 21 
and the pertinent portion of the vasculature, including the 
coronary artery 29 Which is accessed through the vascular tree 
from an incision site in the groin in a femoral artery 23. 
Doctors typically access the coronary artery With a pre 
shaped guide that is inserted into the femoral artery through a 
hemo static sheath and advanced up the aorta over a guideWire 
or obturator until it reaches the aortic root. There it is manipu 
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lated until the guideWire and tip of the guide catheter can be 
lodged in the ostium of the coronary artery. Next the doctor 
performs an angiogram to visualiZe the lesion and then per 
forms a balloon angioplasty or stenting to treat the lesions and 
open the target vessel. The origin of the left coronary artery is 
in the aortic root. The ideal left coronary artery de?ectable 
guide catheter is 4.25 French ID, 6.25 French OD, 100 cen 
timeters long, has a sWeep distance of 3 centimeters, and can 
curve up to 135° from straight, as shoWn in FIG. 13a. Devices 
that are 5 French ID and 7 French OD may also be used in the 
coronary arteries. 
[0070] The construction of the de?ectable left coronary 
guide catheter is as folloWs. The distal tip of the guide is a soft 
35D Pebax soft tip. The composite shaft construction proxi 
mal to the distal tip consists of a PTFE liner With an ID of 
0.057" and a Wall thickness of 0.001". Outside the liner is a 
stainless steel coil/35D Pebax composite With a round Wire 
thickness of 0.001" and an outside diameter of 0.063" and a 
length of approximately 1.5 inches. A PTFE coated 0.0035" 
pullWire rides outside of the covered coil and is attached at the 
distal end to a c-ring Which is glued to the covered coil and sits 
in a pocket in the slotted nitinol torque tube. The slotted 
nitinol torque tube has an inside diameter of 0.070", an out 
side diameter of 0.075" and a length of about 1.5 inches. The 
slotted nitinol torque tube is covered With a soft Pebax (35D) 
outer jacket for its full length. The composite tubing construc 
tion proximal of the de?ectable region consists of the PTFE 
liner, an inner stainless steel braid, a Pebax inner tubing 
(starting at 35D at the distal end and transitioning to 72D at 
the proximal end in segments), the PTFE-coated pullWire, an 
outer stainless steel braid, and an outer Pebax jacket that is 
fused through the outer braid. The distal segment of the outer 
jacket is a soft 35D durometer and the jacket transitions 
segment by segment to a harder 72D durometer toWards the 
proximal portion of the catheter shaft. Each segment of Pebax 
is butt-Welded/heat fused to each adjoining segment to make 
one continuous smooth tube. The outer diameter of the fused 
composite tube is 0.081". The shaft of the catheter enters the 
handle through an elastomeric strain relief as previously 
described. The proximal end of the de?ection pull Wire is 
attached to a crank and knob in the handle as previously 
described. The most proximal portion of the handle is a 
female luer ?tting as previously described. In this application, 
a hemostatic valve is attached to the proximal luer ?tting to 
control the hemostasis during the procedure. 
[0071] The de?ectable left coronary artery guide can be 
converted to a guide- sheath by the addition of a tapered obtu 
rator and hemostatic valve. The obturator for the coronary 
artery guide-sheath is a holloW polyethylene shaft With a total 
length that is 4 centimeters longer than the guide-sheath it is 
used in The obturator has an internal diameter of 0.027" and 
an outside diameter of 0.052". The distal tip of the obturator 
tapers to an OD of 0.030" over 4 centimeters. The proximal 
end of the obturator has a female luer ?tting on it. The hemo 
static ?tting for the coronary guide-sheath can have either a 
passive or active hemostatic valve. It can be supplied With a 
side arm to alloW ?ushing of liquids around the inserted 
device if desired. 

De?ectable Guide Sheath for Echographic Imaging 
Catheters 

[0072] The de?ectable guide catheter may also be adapted 
for use in steering an intracardiac echo device (ICE). Intrac 
ardiac echo graphy is a neW imaging method to look at devices 
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in the heart With ultrasound energy. The ICE device has an 
ultrasound emitter and detector and recreates images from the 
echoes that bounce off the devices and tissues. Typically the 
ICE catheter is positioned on the right side of the heart from 
the femoral vein or the internal jugular vein. The ideal de?ect 
able guide catheter for ICE guidance is 90 centimeters long, 
With an internal diameter of 10 French, and external diameter 
of 12 French, a degree of curvature of 90° and a sWeep 
distance of 3 centimeters. 
[0073] The construction of the de?ectable guide for ICE 
catheters is similar to those described before With a liner, 
covered coil, de?ection tube, PTFE coated pullWire, inner 
braid, Pebax polymer, outer braid and a Pebax outer jacket. 

De?ectable Guide-Sheath for Neurological 
Interventions 

[0074] The de?ectable guide catheter can also be adapted 
for neurological interventions. A guide for neurological inter 
vention must be small in outer diameter, thin-Walled, ?exible 
and still pushable and torqueable because the vessels in the 
brain are very small and tortuous. Neurological guides are 
typically inserted in the femoral artery or the neck and 
advanced to the brain. There they are used to conduct angio 
grams and to deploy devices such as coils or embolic particles 
to treat aneurysms or stroke. The preferred embodiment of the 
de?ectable neurological guide catheter is 2 French internal 
diameter, 4 French external diameter, 124-centimeter length, 
With a distal de?ectable region that can be curved to 1350 
through a sWeep distance of 1 centimeter. 
[0075] The construction of the de?ectable neurological 
guide catheter is as folloWs. The distal shaft consists of a 
PTFE liner of inner diameter of 0.026" and a Wall thickness of 
0.001". A Pebax covered stainless steel coil of round Wire 
diameter of 0.001 " is attached to the liner. Outside the covered 
coil is a PTFE covered stainless steel pullWire With a diameter 
of 0.003". Outside of the stainless steel pullWire is a slotted 
nitinol de?ection tube of inside diameter of 0.035" and an 
outside diameter of 0.039". The nitinol de?ection tube is 
covered by a 35D Pebax outer jacket With an inside diameter 
of 0.040" and an outside diameter of 0.045". Proximal of the 
de?ectable region, the shaft construction consists of the PTFE 
liner, Pebax polymer, a PTFE coated stainless steel pullWire, 
stainless steel braid, and a Pebax polymer outer jacket. The 
Pebax polymer transitions from a soft 30D durometer at the 
distal end to a hard 72D durometer at the proximal end in 
segments to alloW bending and trackability While retaining 
pushability. The proximal end of the device is attached to a 
handle With a pullWire control knob as previously described. 
[0076] Other applications of this thin Walled steerable 
guide and sheath guide invention include transjugular intra 
hepatic portosystemic (TIPS) shunt placement, uterine 
?broid biopsy and ablation, trans atrial septal delivery and 
manipulation of devices (for pulmonary vein ablation, 
implantation and or recovery of devices in the left atrial 
appendage and performing antegrade mitral and aortic valve 
manipulations and arti?cial valve implantation), and also for 
neurological access and delivery of coils and stents. 
[0077] This is a fully scalable design platform. Devices 
With a one French Wall are readily achievable in most con 
?gurations. Devices With inner diameters of 4.25 French that 
?t through 6 French Introducers, as Well as larger devices With 
IDs of 6.25 French that ?t through 8 French introducers and 
Which are described here are of great value and enable all of 
these interventions Which could not be performed before. 
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[0078] Further, With braiding and coiling in the primary 
catheter body, as Well as the catheter de?ection pull Wire 
being selected from nonferromagenetic materials such as 
Titanium, MP35N, and Nitinol it is clear to one With knoWl 
edge in the art that all of these devices and applications could 
readily be developed to be compatible for performance under 
MRI imaging. The slotted nitinol torque tube technology 
applied in these designs is perfect for MRI applications With 
the elimination of these ferromagnetic materials and the 
incorporation of MRI contrast agents to enhance device imag 
ing of the catheter body and distal de?ectable torque tube 
cover polymer extrusions or in coatings. 
[0079] Clearly for percutaneous valve implantation larger 
devices such as 16F to 30F Would be desired. Such large 
devices may have applicability for the implantation of other 
large devices such as AAA grafts and present advantages for 
positioning prior to implant release. 
[0080] Another application includes implantation of a self 
expanding Nitinol device to close patent foramen ovale 
(PFO). Incidence of PFO in the general population is as high 
as 25% by some estimates. PFO is an anatomical inter-atrial 
communication With potential for right-to -left shunt linked to 
certain types of both stroke and migraine. A self-expanding 
PFO closure device, such as an AMPLATZER® PFO 
occluder, could be delivered percutaneously over a guideWire 
via femoral venipuncture and advancing the device to the 
foramen ovale for implantation. In addition to delivery of 
PFO closure devices, other cardiac procedures may be greatly 
facilitated With the guide catheter, including advancement of 
cardiac electrophysiology catheters for electrical mapping of 
the heart, pulmonary vein stent implantation, pulmonary vein 
ablation, mitral valve repair, percutaneous mitral valve 
implantation, aortic valve repair, and percutaneous aortic 
valve implantation. 
[0081] By solving the problem of making a thin Walled 
highly steerable guide catheter and de?ectable guide sheath 
With valve and obturator, a Whole neW era of intervention has 
been enabled. 
[0082] Thus, various embodiments of a guide catheter hav 
ing a distally located de?ectable segment With a Wall thick 
ness of 1 French or less, and With a distal end that can be 
curved in a tight radius of less than 1 to 2.5 cm, depending on 
the application, While maintaining an open lumen have been 
described. While the preferred embodiments of the devices 
and methods have been described in reference to the environ 
ment in Which they Were developed, they are merely illustra 
tive of the principles of the inventions. Other embodiments 
and con?gurations may be devised Without departing from 
the spirit of the inventions and the scope of the appended 
claims. 
We claim: 
1. A guide catheter having a de?ectable segment at the 

distal end thereof, said de?ectable segment having a Wall of 
less than about 1 French With a distal end that can be curved 
in a tight radius of less than about 1 to 3 cm While maintaining 
an open lumen. 

2. The guide catheter of claim 1, Wherein the de?ectable 
segment comprised an catheter inner tube comprising poly 
mer-embedded coil, a resilient tube having a plurality of 
transverse slots therein providing forbiased de?ection of said 
resilient tube, said resilient tube disposed over the catheter 
inner tube, and a catheter outer tube disposed over the resil 
ient. 
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3. The guide catheter of claim 2, Wherein the resilient tube 
is slotted to provide a bend of 1800 and a bend radius of less 
than about 1 to 3 cm. 

4. The guide catheter of claim 2, Wherein the resilient tube 
is slotted to provide a bend of 1350 and a bend radius of less 
than about 1 to 3 cm. 

5. The guide catheter of claim 2, Wherein the resilient tube 
is slotted to provide a bend of 90° and a bend radius of less 
than about 1 cm. 

6. The guide catheter of claim 2, Wherein the resilient tube 
is slotted to provide a bend of 90° and a bend radius of less 
than about 1.25 inches (3 to 4 cm). 

7. The guide catheter of claim 2, Wherein the resilient tube 
is slotted to provide a bend of 750 and a bend radius of less 
than about 1 cm. 

8. A de?ectable guide catheter With an average Wall thick 
ness of less than 1.5 French and that may be used to perform 
cardiac procedures across the atrial septum selected from the 
set including: delivery of PFO closure devices, advancement 
of cardiac electrophysiology catheters for electrical mapping 
of the heart, pulmonary vein stent implantation, pulmonary 
vein ablation, mitral valve repair, percutaneous mitral valve 
implantation, aortic valve repair, and percutaneous aortic 
valve implantation. 

9. A guide catheter having a distal end and a proximal end, 
comprising an outer catheter shaft and an inner catheter shaft 
With a ?rst de?ectable segment at the distal end of the guide 
catheter, a main body comprising proximal portions of the 
outer catheter shaft and inner catheter shaft extending proxi 
mally from the de?ecting segment to a handle having a pull 
Wire actuator, and a pullWire extending from the de?ectable 
segment to the pull Wire actuator, Wherein: 

the de?ectable segment comprises a PTFE liner sur 
rounded by a Wire coil impregnated With pebax With a 
hardness of 35D, coaxially disposed Within a slotted 
nitinol de?ection tube, coaxially disposed Within an 
outer catheter tube comprising a pebax tube of hardness 
35D, said de?ectable segment having a total Wall thick 
ness of about 1 French; and 

the de?ectable segment is about 2 to 4 cm long, and the 
slotted nitinol de?ection tube is con?gured to provide a 
bend arc of about 90° and a bend radius of about 1 cm. 

10. The guide catheter of claim 9 Wherein: 
the main body portion of the inner catheter shaft comprises 

a PTFE liner surrounded by a ?at ribbon braid embedded 
in pebax having a hardness of 50D for a second segment 
of about 5 cm length immediately proximal to the 
de?ecting segment, a hardness of about 63D for a third 
segment of about 12.5 cm immediately proximal to the 
second segment, and a hardness of about 72D for the 
length of the inner catheter tube proximal to this second 
segment; and 

the main body portion of the outer catheter shaft comprises 
a metal braided tube surrounded a Pebax outer jacket 
having a hardness of 50D for a second segment of about 
5 cm length immediately proximal to the de?ecting seg 
ment, a hardness of about 63D for a third segment of 
about 12.5 cm immediately proximal to the second seg 
ment, and a hardness of about 72D for the length of the 
inner catheter tube proximal to this second segment. 

* * * * * 


